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SYNOPSIS 
Colloidal processing techmques have gamed importance in the field of structural 
ceramics and several investigations have revealed that the inhomogeneities could be 
minimized and complex shaped products could be made w t h  a high degree of reliability 
using such processes Surface and interface phenomena play a vital role in controlling 
the stability of suspensions In order to obtslln highly dense and homogeneous 
suspensions, polymenc additives of diverse chemical structures are utilized for a variety 
of applications, namely as binders, dispersants, plasticizers, lubricants, to cite a few. The 
dispersants are effective in stabilization process, whle the binders impart strength to the 
formed products and help in the retention of the shape of the preform In colloidal 
ceramic processing, it often becomes necessary to understand the surface chemlcal 
characterist~cs of particulate suspensions in the simultaneous presence of more than one 
type of reagent 
With the rapld expansion of the iron and steel industry in India, increased 
attention is now being paid to the ellhancement of iron ore mimng operations, both from 
the view points of internal consumption and exports Enormous quantities of fines and 
slimes are inevitably generated during the mmng and initial processing of iron ores For 
example, in India alone, for every tonne of iron ore mined, over half a tonne of fines are 
generated Proper disposal of such fines still remsllns a formidable task facing the Iron 
ore industries Furthermore, water pollution problems associated with the disposal of 
fines are well known, not to speak of the breach of the tculings dam in times of hgh  
ramfall Clarification of the finely dispersed particles in water is yet another issue closely 
linked to the abatement of water pollution and water reuse Additionally, some of the 
Indian iron ores have a hgher alumina content mth adverse alumma silica ratio (>I) 
Selective flocculation followed by the removal of the dispersed sil~ceous limes is one of 
the promising approaches for the treatment of such hgh alurnina, iron ores 
A carehl survey of the literature indicates that there is a paucity of data on the 
competitive adsorption of reagents used in cerarmc formulations Similarly, there is very 
little published information on the utility of selective flocculation techniques with respect 
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to the Indian iron ore processing Mot~vated by th~s, the m a n  thrust of the present 
research mvestigation has been focused on the follow~ng aspects - 
Assessment of the surface chemical properties of oxide and carb~de cerarnlc 
suspensions in the presence of a polymeric dispersant and binder, both 
ind~vidually and in combination 
Evaluation of the dispersion charactenstics of the chosen ceramlc suspensions 
m the presence of the dispersant and binder 
Exammation of the interactions between the binder and d~spersant in the bulk 
solution 
Assessment of the surface chemical properties of ox~des of relevance In iron ore 
processing ~n the presence of a flocculant 
Flocculation and selectwe flocculation studies on the chosen oxides both 
~nd~vidually and m b~nary combinations, using the polymeric flocculant 
Delineation of the interact~on mechanisms between the chosen polymeric 
reagents and the ox~de and carbide suspensions of interest 
The them conslsts of three sections In the first part the results of the detaded 
adsorption, electrokinet~c, co-prec~p~tation and dispers~on tests carried out on alumina 
and zlrconia ceramic suspensions in the presence of ammonium poly(methacry1ate) 
(APMA), a common aniomc d~spersant and poly(ethy1ene glycol) (PEG), a typ~cal binder 
are reported The second section, deals with the surface chemical studies performed on 
silicon carbide, a wdely used non-oxide ceramic in the presence of chtosan, a cationic 
bio-polymer and poly(ethy1ene glycol) The thud part hlghl~ghts the adsorption, 
electrokinetics, flocculation and selective flocculation tests carried out on Iron oxide, 
alumina and s~lica suspensions, in the presence of xanthan gum, a h g h  molecular weight 
polysaccharide 
The adsorption dens~ties of APMA for alumma and zicoma were found to be hgher 
than that of PEG ~n the entire pH range ~nveshgated Further, the amount of APMA or 
PEG adsorbed was found to decrease with increase of pH for both the oxides All the 
adsorpt~on isotherms of APMA and PEG for alumma and zirconia efibited Langrnuirian 
behaviour On a comparatwe basis, the amount of APMA and PEG adsorbed onto 
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alumina was nearly twxce that onto zirconia, especially in the acidic pH range 
Desorption tests indicated that about 60% and 35% PEG could be desorbed from alumma 
and zirconia respectively in the entire pH range studied On the other hand, the amount 
of APMA that could be desorbed from both alumina and zirconia was found to increase 
with increase of pH and about 70% desorption from alumina and about 35% desorption 
fiom zirconia could be achieved at pH 9 and 10 respectively A noteworthy feature of the 
competitive adsorption tests was, that the addition of APMA significantly reduced the 
adsorption of PEG onto either alumina or zirconia, while the adsorption of APMA was 
not affected by the presence of PEG, reiterating the stronger interaction of APMA 
compared to that of PEG with the two oxides The lsoelectric points of alumina and 
zirconia were found to be located at pH 9 2 and 6 2 respectively An increase m the 
electronegative character of the alumina or zirconia suspensions and shifts in  soe electric 
point of the alumina/zirconia-APMA systems to acidic pH values, in proportion with the 
amount of APMA added, were observed However, the zeta potentials of either alumina 
or zirconia were not altered in the presence of PEG The alumina and zirconia 
suspensions could be well dispersed over a wde pH range of 7-1 1 and 5-1 1 respectively 
after the additlon of optimum concentration of APMA, even in the presence of PEG The 
trends obtained for the dispersion and electrolunetic tests carried out on alumina and 
zirconia, in the combined presence of APMA and PEG were akin to those of the 
aluminafzirconia-APMA system Co-precipitation experiments revealed strong 
complexation between aluminium or zirconium species and APMA in the bulk solution in 
selected pH regimes On the contrary, the interaction wth PEG was relatively weaker, in 
keeping wth  the trends in the adsorption behaviour Based on the extensive studies 
carried out both at the solid-solution interface and in the bulk solution the adsorpt~on 
mechanisms of PEG onto alumina and zircoma were delineated to be governed by Lews 
acid-base co-ordinat~on and hydrogen bonding, whle in the case of APMA, chemical 
forces of interaction were additionally mvoked. FT-IR spectral results had provided 
evidence in support of the proposed interaction mechanisms 
In the next part of the research mvestigation, the changes m the surface chemical 
properties of SIC suspensions consequent to the adltion of polyethylene glycol (PEG) 
and chitosan, both individually and in the presence of each other were stu&ed. The 
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adsorption densitres of PEG and chtosan onto SIC were found to be hrgher at pH 2-3 and 
7-7 5 respectively The adsorptron behamour in the combined presence of PEG and 
chitosan was akm to those observed for the indivrdual systems The rsoelectrrc pomt 
(IEP) of SIC was found to be located at pH 3 The addition of chitosan shifted the IEP 
towards more alkalrne pH values, in proportion wth the concentration of chitosan added, 
with a concomitant change in the zeta potentials to less electronegative or more 
electropositive values On the contrary, only a marginal change in the electrokinetrc 
behaviour of SIC suspensron was found after PEG addition The favourable pH regimes 
were established to be 2-6 and 9-1 1, for the enhanced stability of SIC suspension wth the 
optimum dosage of chtosan The electrohnetic and dispersion characteristics of SIC and 
SIC-chrtosan systems were only slrghtly altered by the addition of PEG FTIR spectral 
investigat~ons provided evidence in support of the proposed hydrogen bonding forces of 
interaction between SIC and PEG or chtosan 
The results of the studies carned out on iron oxide, alumina and silica, of relevance to 
iron ore processing are highlighted in the last part of the thesis The surface chemical 
characteristics of the chosen Iron ore minerals have been assessed in the presence of 
xanthan gum, for the first time The adsorption density of xanthan gum onto Iron oxide 
was found to be hrgher compared to that onto alumina especially in the acrdic pH range, 
whrle no adsorption of xanthan gum was found to take place on silica For both iron 
oxrde and alumina, the adsorptron density of xanthan gum was found to decrease with the 
increase of pH The adsorption rsotherms of xanthan gum for both iron oxlde and 
alumina were followed Langrnuinan behaviour The percentage desorption of xanthan 
gum from both iron oxide and alumina were below 20-30% in the pH range of 2-8 and 
increased steeply to about 100% at pH 10 Thus, in the pH regime of higher adsorption 
of xanthan gum onto iron oxide or alumma, the percentage desorption was found to be 
low, whle the reverse trend was observed m the alkaline pH range The isoelectric 
points of Iron oxide, alumina and silica samples under study were found to be located at 
pH 8 4, 9 2 and presumably below 2, respectively The isoelectnc pornt of the iron oxide 
or alumina-xanthan gum system was found to be shfted towards the acidic pH region, rn 
proportion with the concentration of xanthan gum added On the contrary, the zeta 
potentials of silica were only margrnally reduced to less electronegatrve values wthout 
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any apparent sh~ft in the isoelectric pomnt, consequent to the addit~on of different 
concentrat~ons of xanthan gum The electrostatic tests carried out on the chosen oxides in 
the presence of sodium tnpolyphosphate (STPP), an inorganic d~spersant, showed an 
increase in the zeta potent& towards more electronegat~ve values in proport~on wth  the 
concentration of STPP added Adsorption tests carried out in the comb~ned presence of 
the flocculant and dispersant, revealed a decrease in the adsorption density of xanthan 
gum in proportion wth  the amount of STPP added, for both iron oxide and alumina Co- 
precipitation tests carried out between iron or alurnlnlurn specles wth  the presence of 
xanthan gum attested to complexation at selected pH ranges. Based on the detailed 
surface chem~cal studies carr~ed out both at solid-solution Interface and m the bulk 
solution, the mechanisms of adsorptron of xanthan onto iron oxide and alumina were 
eluc~dated to be governed by Lems acid-base coordmation, hydrogen bondmg, 
electrostatic and chemical complexation Flocculatron tests revealed that over 95% of 
Iron oxide or alumna could be flocculated over a wde pH range using xanthan gum 
However, the amount of silica flocculated decreased fiom 46% at pH 2 to about 35% at 
pH 11 Selective flocculation tests c m e d  out on binary synthetic mixtures of lron oxide- 
silica or alumma-silica, using a statist~cal optim~zation procedure, confirmed that nearly 
100% of iron oxide or alumma could be selectively flocculated from silica under 
optimum cond~t~ons of pH, d~spersant and flocculant concentrations 
